We have experienced three inverted Meckel's diverticula with ileus that are diagnosed before surgery and treated with laparoscopic surgery. The patients were 22, 26, and 29 years of age. The history of ileus for each patient differed, being the first experience for one patient, the second for another, and the third experience for the remaining patient. None of these patients had a history of abdominal surgery. Conservative therapy eventually improved the existing symptoms, but the cause of past ileus remained unclear. Elective surgery was performed 12 days from the onset of symptoms on two of the patients after improving the ileus by inserting a long tube into the bowel. Emergency surgery was performed on the same day of admission on the remaining case that involved moderate expansion of intestine. In these patients, the first trocar was inserted into the umbilicus region. Laparoscopic surgery was then performed with three trocars. The patients were discharged upon favorable outcome after surgery. No recurrence of ileus was noted post-surgery. Laparoscopy was useful both to diagnose and treat ileus of a Meckel's diverticulum.
Introduction
In recent years, remarkable advances have been made in laparoscopic surgery. Its applications have been gradually increasing, and a number of studies have demonstrated the effectiveness of laparoscopic surgery to diagnose Findings from abdominal X-ray: Images of the gas expanded small intestine were observed (Figure 2(a) ).
Abdominal contrast-enhanced CT findings: Expansion was seen in the lumen of the small intestine. A large volume of fluid has accumulated and sparse niveau formation was observed.
On the left side of right internal iliac artery, a bag-like structure 74 × 37 mm in size was caudally protruding from the ileum. Fecal content was found in this region (Figure 2(b) ).
After admission: Ileus due to an inverted Meckel's diverticulum was tentatively diagnosed from the above findings and a long tube was inserted on the same day to begin decompression therapy. Although the abdominal symptoms gradually improved, it remained unclear why the ileus kept recurring. To clarify the cause we conducted a long tube contrast. The results showed a saccular structure similar to a Meckel's diverticulum on CT. (Figure 2(c) ). Meckel's diverticulum scintigraphy was performed, with no clear sign of abnormal accumulation such as ectopic gastric mucosa. Consequently, surgery was performed 12 days from the onset of symptoms due to repeated diagnoses of ileus caused by a Meckel's diverticulum.
Surgical findings: We performed laparoscopy from the three trocars placed in the lower abdomen (12 mm), right lower quadrant (5 mm), and right-upper quadrant (5 mm). Intraperitoneal observation identified a 10 cm diverticulum in the ileum as well as mild adhesion between the mesentery and the diverticulum. There was no spread of the inflammation to the surrounding areas. We created a 4 cm skin incision in the region around the lower abdomen to access the ileum extraperitoneally. Meckel's diverticulum was resected using an 80-mm GIA stapler. We performed interrupted suture of the muscular layer of serosa with 4 -0 Vicryl thread (Figure 2(d) ).
Case 3
Patient: The patient was a 22-year-old man.
Chief complaints: The chief complaints were vomiting and abdominal pain. History: The patient had no notable history and never had a laparotomy. Findings from abdominal X-ray: Expanded gas images of the small intestine were detected (Figure 3(a) ).
Abdominal contrast-enhanced CT: The source of intestinal stenosis was found on the right ventral side of the right common iliac artery. Fecal content was identified on the adoral side. A sac-like intestine was protruding from the left ventral side of the ileum toward the anus indicating a Meckel's diverticulum. The same region was involved at the end of the ileum causing ileus (Figure 3(b) ). After hospitalization: Ileus due to an inverted Meckel's diverticulum was tentatively diagnosed from the above findings, and the patient underwent emergency surgery on the same day.
Surgical findings: Using laparoscopy, a 1.5 cm trocar was inserted through a small incision above the umbilicus. An expanded small intestine and a moderate amount of pale ascites were identified. A 15 mm trocar was inserted in left abdominal region. A 5 mm trocar was placed in the right abdominal region and the suprapubic region. A Meckel diverticulum of 7 to 8 cm in length was detected in the ileum, 70cm from the adoral side of Bauhin's valve. Inflammation was seen on top of that area and funicular objects stretched toward the mesentery. Funicular objects were mildly strangulating the ileum. Strangulation was easily reversed after resecting the funicular objects. The roots of the Meckel diverticulum were resected with a 60-mm GIA stapler (Figure 3(c) and Figure 3(d) ). A comparison of the three cases is shown in Table 1 . The three cases were not recurrented in our outpatient clinic.
Discussion
According to a survey of 580 adults with Meckel's diverticulum, the rate of complications are highest among those with ileus (58.7%), followed by diverticulitis (4.3%), bleeding, (11.3%), and perforation (7.5% [1] ). Several previous reports have attempted to elucidate the mechanism underlying ileus due to an inverted Meckel's diverticulum. According to Rutherford et al. [2] , ileus is caused by a Meckel's diverticulum due to the following five factors: 1) abnormal diverticulum torsion; 2) strangulation due to Littre hernia; 3) intussusceptions; 4) mesodiverticular band (persistence of the vitelline vessel nourished on yolk duct); and 5) adhesions due to diverticulitis. Two of the cases presented here were caused by adhesions while another was attributed to funicular objects.
Therefore, it is advisable to consider an inverted Meckel's diverticulum when conducting a differential diagnosis of idiopathic ileus for adults without history of laparotomy. However, preoperative diagnosis of Meckel's diverticulum is often difficult.
To establish the presence of diverticulum, we could have performed an oral small bowel series, small intestine endoscopy, or Meckel's diverticulum scintigraphy. Regrettably, it is not appropriate to perform these examinations on patients with an acute abdomen who require urgent care. Furukori [3] and Hidaka et al. [4] reported that this diagnostic method involves visualizing an intestinal structure that continues toward the small intestine and ends at the cecum on CT. In recent years, multi-detector-row CT (MDCT) has allowed the visualization of lesions that were difficult to observe previously. A diagnosis of Meckel's diverticulum was suspected with MDCT in three of our cases at the time of admission. In two of the cases, a long tube was inserted into the bowel to improve the ileus, and a surgery was performed after Meckel's diverticulum was identified using examinations such as a small bowel series. However, the third case received emergency surgery on the same day based on the results of MDCT alone. Thus, it is clear that MDCT was very useful in this diagnosis.
In addition, recent advances in laparoscopic surgery have been increased its applications every year. Many reports have demonstrated the effectiveness of laparoscopic surgery for ileus [5] - [7] . Many recent reports outside of Japan have used diagnostic laparoscopy for unexplained bleeding and abdominal pain; a number of cases involved resecting Meckel's diverticulum laparoscopically to reach a diagnosis. Furthermore, even when the small intestine was only partially resected due to severe adhesion or inflammation in the surrounding area, a small incision made by extending the wounded area around the trocars enables intestinal anastomosis to be safely performed under direct vision with no notable problems [8] - [12] . Takemura et al. [13] argued that a laparoscopic surgery can be safely adapted to treat adhesive intestinal obstruction by using a long tube to facilitate intestinal decompression before surgery and specifying the source of the problem by diagnostic imaging. Sufficient preoperative decompression of the intestine allowed identification of the problem and enabled surgery in our two cases.
The ileus case that was most suitable for endoscopic surgery involves cases of simple adhesive intestinal obstruction with minimal improvement despite using preoperative decompression with a long tube. On the other hand, cases that are not suitable for endoscopic surgery include those with markedly unstable respiratory physiology and obvious strangulating intestinal obstruction, adhesive intestinal obstruction cases that are prominently not receptive to preoperative decompression, and those involving colorectal cancer.
The three basic methods for resecting Meckel's diverticulum are as follows: 1) resection at the base of the diverticulum along the lines of the ileal wall (simple diverticulectomy); 2) wedge resection of the ileum with diverticulum (wedge resection); 3) partial resection of the ileum with diverticulum and an end-to-end anastomosis (partial resection of the ileum). Method 1) has the risk of leaving ectopic mucosa that could cause bleeding while method; 2) could cause ileal stenosis if wedge resection were too deep. Sanders et al. [9] introduced the following surgical guidelines for a Meckel's diverticulum with complications: a) Resecting the base of diverticulum is sufficient for a simple case of ileus caused by a mesodiverticular band; b) Cases of perforated or in-flamed diverticulum require resection of abnormal structure. Thus, wedge resection of both the diverticulum and the adjacent ileum will be necessary; c) Cases with bleeding require sleeve resection (segmental resection) including ileum adjacent to diverticulum. In addition, verifying the presence of ulcers in the resected specimen is crucial.
Mukai et al. [14] focuses on the length of Meckel's diverticulum and its location relative to ectopic mucosa. They recommend simple diverticulectomy in cases with a long Meckel's diverticulum, and partial resection of the ileum in cases with a short diverticulum. Our cases involved resection only at the base of diverticulum. In two of these cases we believe this was sufficient for the following reasons: 1) no abnormal accumulation was detected by Meckel's diverticulum scintigraphy prior to surgery and; 2) histopathological findings later confirmed the absence of ectopic gastric mucosa. If the onset of the symptoms is triggered by bleeding, it may be possible to leave ectopic mucosa. In such cases, a partial resection should be considered. Next, we considered the placement position of the first trocar. In laparoscopic surgery, the first trocar is commonly inserted through a small incision around the umbilicus. In laparoscopic surgery, the first trocar is commonly inserted through a small incision around the umbilicus.
However, Chiba et al. [15] advises against insertion around the umbilicus because a Meckel's diverticulum is one morphology of umbilicus disease. The risk that funicular objects are present in the omphaloenteric duct cannot be eliminated. Furthermore, Mike et al. [16] suggest that placing the first trocar in the lower left abdomen makes observation of the entire small intestine easier due to the anatomical location of the mesentery root. In fact, it is impossible to identify the pathogenesis of ileus even when ileus is due to an inverted Meckel's diverticulum. Although we attempted laparoscopy by inserting the first trocar from the umbilical region in the presented cases, it is reasonable to consider other locations for the first trocar in the future. Laparoscopic surgery is remarkably effective in patients who have no surgical history or severe ileus. Differential diagnosis of a Meckel's diverticulum should be conducted using MDCT and other strategies to enhance diagnostic and therapeutic outcomes.
Conclusion
We reported three cases that were diagnosed as ileus due to an inverted Meckel's diverticulum prior to surgery and underwent a laparoscopic surgery. Each of our cases was diagnosed as ileus, but none had a history of laparotomy. In two cases, we performed laparoscopic surgery after decompression with a long tube. In another case, laparoscopic surgery was conducted on the day of admission due to limited expansion of the intestinal tract. If expansion of the intestine was moderate, it was possible to perform laparoscopic surgery for ileus due to an inverted Meckel's diverticulum.
